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Kesan Rawatan Haba Terhadap Ketahanan Biologi Kayu Acacia mangium 
 
 
ABSTRAK 
 
 
Ketahanan kayu Acacia mangium yang dirawat telah dikaji dengan 
menggunakan kaedah ujian makmal. Kayu Acacia mangium yang ditebang 
kemudiannya dibahagikan kepada tiga bahagian iaitu atas, tengah dan pangkal. Kaedah 
rawatan haba menggunakan minyak masak dengan suhu (180
o
C, 200
o
C and 220
o
C) dan 
masa rawatan (30, 60 and 90 minit) telah dilakukan bagi merawat kayu Acacia 
mangium. Ciri fizikal dan ketahanan kayu diuji mengikut standard ISO. Ketahanan kayu 
diuji  dengan  mendedahkan  kayu  kepada  tiga  jenis  kulat  iaitu  Coriolus versicolors, 
Gloeophyllum trabeum dan Pycnoporus sanguineus selama 12 minggu. Kayu Acacia 
mangium yang tidak dirawat digunakan sebagai sampel kawalan bagi kajian ini. Hasil 
kajian menunjukkan rawatan haba yang dilakukan dapat meningkatkan ketahanan kayu 
Acacia mangium. Serangan kulat Coriolus versicolors terhadap kayu Acacia mangium 
mengalami penurunan berbanding sampel kawalan iaitu dari 11.48% (pangkal), 14.27% 
(tengah) dan 15.69% (atas) kepada 1.87% - 10.19% pada bahagian pangkal, 3.10% - 
12.69% pada bahagian tengah dan 4.78% - 15.20% pada bahagian atas. Penurunan 
serangan juga berlaku kepada kayu yang didedahkan kepada kulat Gloeophyllum 
trabeum iaitu daripada 5.02% pada bahagian pangkal , 5.22% pada bahagian tengah, 
5.72% pada bahagian atas untuk sampel kawalan kepada 0.54% - 4.55% (pangkal), 
0.91% - 4.41% (tengah) dan 1.08% - 4.38% (atas). Ketahanan kayu Acacia mangium 
selepas rawatan haba terhadap serangan kulat Pycnoporus sanguineus juga meningkat 
berdasarkan penurunan peratusan serangan kulat terhadap kayu iaitu 10.53% (pangkal), 
18.24% (tengah), 18.73% (atas) kepada 3.71% - 10.18% (pangkal), 5.74% - 14.59% 
(tengah) dan 4.37% - 17.08% (atas). Imej yang diperolehi melalui imbasan mikroskop 
electron juga menunjukkan serangan kulat adalah lebih tinggi pada kayu yang tidak 
dirawat di mana koloni miselia lebih banyak terkumpul pada vesel kayu yang tidak 
dirawat berbanding dengan kayu yang telah dirawat. 
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The Effect of Oil-Heat Treatment on Biological Durability of Acacia mangium 
Wood 
 
 
ABSTRACT 
 
 
Durability of treated Acacia mangium’s wood was investigated by using 
laboratory test. Acacia mangium were harvested then divided into three parts, which 
top, middle and bottom. Heat treatment method by using crude cooking oil with 
temperature (180
o
C, 200
o
C and 220
o
C) and duration of treatment (30, 60 and 90 
minutes) were carried out to treat the Acacia mangium’s wood. The physical and 
durability of wood were tested in accordance with ISO standard. Durability of wood 
was  tested  by  exposing  the  wood  to  three  types  of  fungi   Coriolus      versicolors, 
Gloeophyllum trabeum and Pycnoporus sanguineus for 12 weeks. The untreated Acacia 
mangium’s wood used as control sampes for this study. The results showed that heat 
treatment improved the durability of Acacia mangium. The Coriolus versicolors fungal 
attack of treated Acacia mangium’s wood were decreased compared to the control 
samples which is from 11.48% (bottom), 14.27% (middle) and 15.69% (top) to 1.87% - 
10.19% at the bottom, 3.10% - 12.69% in the middle and 4.78% - 15:20% on top. The 
decreasing of fungal attack also occurred to the wood that being exposed to the 
Gloeophyllum trabeum from 5.02% at the bottom, 22.5% in the middle, 5.72% on the 
top for control sample to 0.54% - 4.55% (bottom), 0.91% - 4.41% (middle) 1.08% - 
4.38% (top). Durability of Acacia mangium’s wood after oil heat treatment against 
Pycnoporus sanguineus fungal attack also increased based on the decreasing percentage 
of fungal attack on wood, which is 10.53% (bottom), 18.24% (middle), 18.73% (top) to 
3.71% - 10.18% (bottom), 5.74 % -% 14:59 (middle) and 4:37% - 17.8% (top). Images 
obtained by scanning electron microscopy also showed the fungal attack was higher on 
untreated wood where heavy colonization of mycelia occurs in untreated wood vessels 
compared with the treated wood. 
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Background 
 
 
 
Wood is sustainable and environmentally friendly natural  material 
widely used for both structural and non-structural applications (Tomak et al. 
2012, Trisna and Hiziroglu 2013). Woods been used in many ways since a long 
time ago because of its great properties. Wood is known as the hard substance 
that forms the branches and trunks of tree. It can be used as a building material, 
furniture and also as a fuel. Many industries have been using wood as their raw 
materials especially in building construction and furniture making industries. 
The world’s population that increased rapidly has caused the increased in 
demand for wood and wood products (Uysal, 2005). The shortage of timber 
supply resulted the increasing in timber prices. This situation has affected the 
wood industries in the world including Malaysia. The ever increasing 
manufacturing costs and uncertainty in wood supply in some region due to 
restrictions on logging and inadequate forest resources have caused increasing 
concerns over future fiber supplies. 
However, the forest could not supply the timber in a huge amount 
anymore. It causes the timber supplier to find the other species that can 
substitute  for  wood.  For  example,  Malaysian  furniture  industries  used   the 
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rubber wood as an alternative source in order to overcome the low timber 
supply problems. Due to this problem, the plantation forest using fast growing 
species like Eucalyptus and Acacia had been developed to increase the 
quantities of timber. Although there are many substitute material for wood like 
steel and plastic, but it still can’t match the properties and value  of wood 
(Razak et al., 2010a). 
Nowadays, due to the deforestation of natural tropical forest which 
causes the global issues that change the landscape of wood industry, the 
alternative resource of wood should be considered (Shigematsu, 2011). Timber 
species like Acacia is one of the famous species among the plantation sector. 
Acacia mangium is a fast-growing tropical tree that can grow up to 30 m tall and 
50 cm thick (Hegde et al., 2013). It is a low-elevation species associated with 
rain forest margins and disturbed, well-drained acid soils. Due to its rapid 
growth and tolerance of very poor soils, Acacia mangium was introduced into 
some Asian, African and western hemisphere countries where it is used as a 
plantation tree. Acacia mangium has good quality wood traits, such as a 
comparatively low proportion of parenchymatous cells and vessels, white and 
hard wood, and high calorific value (Hegde et al., 2013). 
Therefore, it is useful for a variety of purposes, such as furniture, 
cabinets, turnery, floors, particleboard, plywood, veneer, fence posts, firewood, 
and charcoal. It is also being used in pulp and paper making because it has good 
pulp traits, with high yields of pulp, quality of kraft, and produces paper with 
good optical, physical and surface properties (Hegde et al., 2013). 
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Acacia had been selected to be planted in plantations because it is the 
most promising species in terms of adaptability with the soil types and its pH 
values and also its growth performance (Razak et al., 2010a). But, the fast 
growing species also have disadvantage which it’s normally have the high 
proportion of juvenile wood and poorly developed heartwood (Razak et al., 
2010a). It also has wide growth rings that producing low-density timber which 
can exhibit the inferior mechanical properties of wood. The durability also 
become poor due to these problems that results the wood easily attack by the 
fungi, pest and others (Tuong and Li, 2010). 
Hence, the development of technologies is needed to ensure that the 
timbers either from natural forest or plantation are in high quality. There are 
quite numbers of wood modification techniques but they are still going through 
development due to environmental awareness, increasing demand and 
decreasing availability of tropical hardwood species (Homan and Jorissen, 
2004). The treatment that can modify the wood structure can be done with the 
aid of added chemical or without added chemical which is by heat treatment 
only (Homan and Jorissen, 2004). Heat treatment, as a modification method, is 
an effective method to improve biological durability and dimensional  stability 
of wood (Poncsak et al. 2006, Shi et al. 2007, Kocaefe et al. 2008a, Korkut et 
al. 2008, Yildiz et al. 2011). 
Heat treatment involves the process that modifies the properties of wood 
that can improve the properties of wood (Hill, 2006). Heat treatment is one of 
the wood modification processes that have been used the most in the industry 
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compared to other processes (Esteves and Pereira, 2009). It is because heat 
treatment is an environmental-friendly process since that it does not require 
chemicals and it is non-toxic where there are environmental awareness and 
effective policies that support the use of renewable resources  and 
environmental friendly chemicals only (Izyan et al., 2007). 
Based on previous study, the temperature level and durations  of 
treatment are varies ranging from 120°C to 250°C and from 15 minutes to 24 
hours respectively (Sevim Korkut and Guller 2008, Kasemsiri et al. 2012, Salca 
and Hiziroglu 2014). This depends on the tree species, sample size, moisture 
content of samples and its final products. Kocaefe et al. 2008b stated that the 
heat treatment process of wood at higher temperature is more effective to 
improve biological durability of wood. 
The physical, chemical, and mechanical properties of wood had change 
when the wood undergo heat treatment at temperature near 150°C and it 
continues with the increasing of temperature (Yildiz et al. 2006, Korkut and 
Guller 2008, Salca and Hiziroglu 2014). 
In this study, the Acacia mangium wood underwent the heat treatment 
process with the nine different temperature and duration. The reason why the 
different temperature and duration process has been used in this study because 
to compare which treatment will results the better in durability and physical 
properties of wood. After treatment process, the durability of wood was 
observed by using exposing the wood to three species of fungi which Coriolus 
versicolors, Gloeophyllum trabeum, and Pycnoporus sanguineus. 
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With the completion of this study, hopefully it will contribute to 
optimizing the use of Acacia mangium wood that’s been treated as well as 
giving better understanding and knowledge in wood materials in order to 
produce better wood products. 
 
 
1.2 Justification 
 
 
 
Social and economic developments of humans are largely dependent on 
the better utilization of available resources. Humans since ancient times made 
great use of wood products because they are the most available resources. 
Increased environmental consciousness particularly on recycling of traditional 
materials, unprecedented forest resources degeneration and global warming, 
however has led to worldwide efforts to develop alternative resources. 
The fast growing species woods have high potential as a replacement or 
as an alternative to Dipterocarp wood especially in building industries and 
furniture making products. Currently, there is limited use of timber in wood 
industry, especially for permanent structural use due to poor and inconsistent 
quality, high and fluctuating cost, associated with a shortage of supply (Razak, 
2010c). 
The raw material that has been used in this study was Acacia mangium. It 
has been chosen because it is one of the fast growing species that have short 
rotation period, good form straight bole and abundant in Malaysia. Although, 
maturity Acacia mangium can be harvested after 10 years planted, this study 
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used the 16 years-old Acacia mangium because at this age, it’s suitable to use for 
many end-use products. But, the harvesting time is depending on what final 
products that the timbers to be turned into. 
Acacia mangium were widely used not only in wood industry but also 
used for greening purposes in tropical region (Yamamoto et al., 2003). 
Normally, the conditions of Acacia mangium’s logs that used for industry is at 
10-12% moisture content with the density range at 500-690 kg/m3. It is because, 
at this condition, the logs are suitable for making any extensive products as their 
end-use. 
Acacia mangium has a huge potential in wood industry because of the 
extensive utilization of other wood species. It has becoming as the alternative 
species that been chosen for timber plantation (Hegde et al., 2013). However, 
because of the several problems occurs in fast growing species timber that can 
decrease the properties of logs, the treatment should be apply to overcome these 
problems and improve it. 
Heat treatment process is the method that can modify the wood structure 
by improving its dimensional stability and its resistance against bio-corrosion 
(Mazela et al., 2004). This treatment use the palm oil as the heating medium 
because palm oil has capable to enhance Acacia mangium’s properties especially 
its physical and durability. 
Wood treated at high temperature has less hygroscopic than natural wood 
(Gunduz et al. 2008). When wood becomes less hydroscopic after  heat 
treatment,  chemical  modification  and  degradation  of  wood  components take 
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place through dehydration, hydrolysis, oxidation, decarboxylation, and 
transglycosylation (Kocaefe et al. 2008b). On the other hand, heat treatment at 
high temperatures provides new physical properties to wood such as reduced its 
hygroscopy, improved dimensional stability, become more resistance to 
degradation by insects and micro-organisms (Huang et al. 2012). 
 
 
1.3 Objectives 
 
 
 
The general objective of this study is to improve the physical properties 
and durability of Acacia mangium by applying the environmental friendly oil- 
heat treatment process. This can be done by the following specific objectives: 
i. To asses biological durability of oil heat treatment of Acacia mangium 
 
wood by using white and brown rot fungi. 
 
ii. To evaluate the changes in physical properties of Acacia mangium after oil 
heat treatment. 
iii. To determine the most optimum temperature and duration of  heat 
treatment process that suitable for treat Acacia mangium’s wood. 
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CHAPTER 2 
 
 
 
LITERATURE REVIEW 
 
 
 
2.1 Acacia 
 
 
 
Due to demanding of logs from industries, the alternative sources should 
become priority to fulfil the needs of industry. One of the suitable timbers that 
can be used as the alternative is Acacia species. Since last 20 years in tropical 
Asia, especially in South and Southeast Asia, Acacia species have acted an 
important role in greening and reforestation program where the best known 
species are Acacia mangium and Acacia auriculiformis (Nguyen and Oham, 
2007). 
Acacia is a small to medium sized plant genus that belongs to the family 
of Fabaceae and sub family of Mimosoideae. It is the second largest genus in the 
pea family. This genus name is taken from the word “akakia” which is derived 
from Greek word. Acacia species has a wide distribution in Africa, Asia, 
America and Oceania. Tumbull et al. (1997) reported that there are about 1200 
to 1300 species of Acacia that can be found worldwide from Australia and 
Pacific Islands through Africa and Americas. Australia is known as the country 
that have the large number of Acacia species which up to 900 species (Tumbull 
et al., 1997). 
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Plantation of Acacia species has created green and beautiful landscapes 
that contribute in improving soil condition as well as environment protection. 
The Acacia seeds are easily to growth and this species can easily adapt with the 
surroundings in both tropical and temperate region. That’s the reason  why 
Acacia is widely planted in worldwide (Turnbull et al., 1997). 
In Malaysia, Acacia species is well known species in agro-forestry 
industry (Razak et al., 2012). Acacia species especially Acacia mangium, Acacia 
auriculiformis and Acacia hybrid are the major species that not only important 
for logs supply but also important in greening purposes in tropical region 
(Yamamoto et al., 2003; Hamami et al., 1989). Peninsular Malaysia and Sabah 
are well established for Acacia plantation. For example, in Peninsular Malaysia, 
Compensatory Forest Plantation Project (CFPR) was planted Acacia mangium 
for timber production and by 1993, about 50,250 ha of Acacia mangium been 
planted (Nobuchi and Mohd Hamami, 2008). 
Acacia wood is being use in many industries and had produced various 
types of products. However, it is depends on the species and age of Acacia 
Normally, between ages 6 to 8 years, they are used for pulp, finger joint boards, 
chip, and medium density fiberboard (MDF). Only a few of large diameter 
Acacia tree used for sawn timber and construction materials. Nguyen and Pham 
(2007) reported that Acacia wood can be used as raw materials for forest 
industries and serve other living requirements. 
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2.2 Acacia mangium 
 
 
 
Acacia mangium is a dicotyledon plants that belong to Fabaceae family 
and sub-family of Mimosoidaeae. The taxonomy of Acacia  mangium  can be 
seen in Table 2.1. This tree species is native to northeastern Queensland in 
Australia, the Western Province of Papua New Guinea, and the eastern Maluku 
Islands in Indonesia (Orwa et al., 2009). It is one of the most widely used fast- 
growing tree species in plantation forestry programs. Acacia mangium also have 
the local name which were in Australia it is kwon as brown salwood (Australian 
standard trade name), mangga hutan in Indonesia, biar in Papua New Guinea, 
and Kayu SAFODA in east Malaysia (Krisnawati et al., 2011). 
 
 
Table 2.1: Taxonomy of Acacia mangium (Suryono, 2015) 
 
Scientific classification 
Domain Eukaryota 
Kingdom Plantae 
Phyllum Spermatophyta 
Subphylum Angiospermae 
Class Dicotyledonae 
Order Fabales 
Family Fabaceae 
Sub-family Mimosoideae 
Genus Acacia 
Species Acacia mangium 
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Acacia mangium tree normally is in medium-sized as shown in Figure 
 
2.1 and its height can grow up to 30 m with a straight bole that maybe more than 
half of the total height tree. The diameter of this tree species can reach 60 cm. 
But, the tree may become a large shrub or small tree with only between 7 to 10 
m height in relatively poor sites (Turnbull, 1986). The leaves size is in 
“lanceolate” or “ovate” shape and greenon color (Elliot and Jones, 1982). The 
stem of young and older Acacia mangium tree can be differentiating by looking 
at their stem. For the young trees, the bark is smooth and greenish (Figure 2.2a) 
while for older trees, the bark is rough, hard, fissured near the based, and its 
color is brown to dark brown as shown in Figure 2.2b (Hall et al., 1980). 
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Figure 2.1:  Acacia mangium tree 
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(a) (b) 
 
Figure 2.2:  (a) The bark of young tree of Acacia mangium 
(b) The bark of older tree of Acacia mangium 
Source : Rokeya et al., (2010) 
 
The Acacia mangium tree is well adapted to a wide range of soils and 
surroundings conditions. Based on research conducted by National Research 
Council (1983) and Francis (2013), was states that the tree can growth rapidly in 
soils with low level of nutrient, even on degraded sites but not in soil with high 
pH. The altitudinal range that suitable for Acacia mangium growth is from just 
above sea level to 480 m above the sea. It grows the best in warm climates with 
1500 to 3000 mm of mean annual rainfall (Francis, 2013). 
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2.2.1 Distribution of Acacia mangium 
 
 
 
Acacia mangium is originated from the humid tropical forests of 
north-eastern Australia, Papua New Guinea and Molucca Islands of 
eastern Indonesia (Natural Research Council, 1983). In 1967, this species 
was introduced in Sabah, Malaysia as a firebreak species. Since it is 
successful species at that time, it has been widely introduced to other 
countries including China, India, Philippines, Sri Lanka, Thailand, 
Vietnam, and to the other state s of Malaysia (Krisnawati et al., 2011). 
After that, it was recognized as the plantation species due to its 
adaptability to growth in degraded soil. 
 
 
2.2.2 Wood Characteristic 
 
 
 
There are many variation among wood depends on its species, 
age, and also between the tree itself. Because of this variation, wood can 
be use in many sectors such as in industrial sector, manufacturing, 
construction, and others. This species of wood is a fast growing species 
that has a short rotation period. Its rotation is depending on its final 
product. Usually, it is only takes 6 to 8 years for Acacia mangium to 
harvest as a woodchips. Lim et al. (2003) reported that, for making pulp 
and produce paper, the Acacia mangium tree can be harvested from 5   to 
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7 years from planting. But, to produce logs, it needs 12 to 15 years of 
wood rotation. 
Acacia mangium has a diffuse and porous wood. The sapwood of 
this tree species is narrow and light in color normally pale yellow while 
its heartwood is hard, and medium-brown in color. The heartwood of 
Acacia mangium is more darker than its sapwood so it is more suitable to 
be produced as furniture and flooring as its final products (Somyas, 
2007). It has straight to shallowly interlock grain and the texture is  fine 
to medium coarse and even. 
The density of Acacia mangium wood varies from 290 kg/m
3  
to 
675 kg/m
3 
depending on its age because the density is increasing with 
age (Lim et al., 2003). Normally, the matured Acacia mangium has the 
density about 480 to 650 kg/m
3
. Based on Nobuchi and Mohd Hamami 
(2008), the timbers are suitable to be used as a general utility timber and 
for light construction. As a fast growing species, Acacia mangium 
usually has a high proportional of juvenile wood and poorly develop of 
heartwood that can decrease its dimensional stability and durability of 
against decay. Sometimes it also produces the wood with wide growth 
rings that effect the density of wood which can exhibit the inferior 
mechanical properties of wood. So, the treatment is needed to improve 
its service life. All the wood characteristic of Acacia mangium can be 
seen in Table 2.2 that prepared by Malaysia Timber Industry Board. 
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Table 2.2 Characteristic of Acacia mangium 
(Malaysia Timber Industry Board, 2007) 
 
Wood 
Description 
Color (i) sapwood 
(ii) heartwood 
Growth rings 
Texture 
Grain 
Pale yellow 
Light to dark brown 
Indistinct or absent 
Fine to moderately coarse and even 
Usually straight sometimes 
interlocked 
Log 
description 
Diameter 
Log durability 
Rotation (i) timber 
(ii) woodchips 
30 to 60 cm 
Low (must be treated) 
15 to 16 years 
6 to 8 years 
Physical Density 290 kg/m
3  
to 675 kg/m
3
 
properties Basic density 0.52 
(depends Fiber saturation point 25% 
on mature Stability Stable 
heartwood) Total tangential ratio 7.0% 
Total radio ratio 3.1% 
TS/RS ratio 2.3% 
Mechanical Modulus of rupture 117.9 N/mm
2
 
properties Modulus of elasticity 10800 N/mm
2
 
Compression   parallel 51.8 N/mm
2
 
to grain 
Drying Drying rate 
Risk of distortion 
Risk of collapse 
Slow 
High risk 
No 
Sawing Blunting effect Normal 
and Cutting tools Ordinary 
machining Stain Well with little requirement for filler 
Plane,  shape, mortise, Excellent surface finish 
and turn 
Natural Heart rot Serious (7.5% loss from total log 
and Wane volume) 
processing  Moderate (3.8% loss from total log 
defects Waring volume) 
 Common (13% boards have 
Knots excessive springs more than 15 mm) 
Common (5% loss from total log 
volume) 
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2.2.3 Uses of Acacia mangium 
 
 
 
Acacia mangium has many uses that involving in varies industry. 
Its wood is using for making pulp, paper, composites likes medium 
density fiberboard, woodchips and crates. It is also use as sawn timber, 
moulding, and for furniture making. Besides that, it can be used as 
charcoal and firewood because it has a calorific value of 4800-4900 
Kcal/kg (Lim et al., 2003). Not only the stem can be used but the leaves 
also can be used. The Acacia mangium leaves can be serves as forage for 
livestock while its branches and dead leaves are use for fuel. Other than 
that, the sawdust of Acacia mangium provides a good quality substrate 
for edible mushrooms (Lemmens et al, 1995 ; Lim et al., 2003). 
 
 
2.3 Modification of Wood 
 
 
 
Generally, modification is important to increase the strength, durability, 
and to prolong the life time of wood. Wood modification is the process that 
altering the properties of the wood to overcome one or more of its disadvantages 
that can enhances the performance of wood (Hill, 2006). The aim of wood 
modification is to enhance the durability of wood in terms of decay resistant, to 
reduce water absorption, and others. Modification of wood can be divided in two 
ways which are active and passive modifications. Active modification is the 
process that modifies the natural chemical of wood while passive method is   the 
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process that changes the properties of wood without changing its chemical 
contents (Callum, 2006). 
Wood modification is related to polymeric structure of cell wall which 
consists of cellulose, lignin and hemicelluloses that contain the hydroxyl group. 
All of these groups are important in the interaction between water and wood. 
When wood takes the water molecules, , it settled between wood polymers 
forming a hydrogen bond between hydroxyl groups and individual water 
molecules thus resulting in swelling of wood. The swelling of wood should be 
reduced because it affects the wood dimensional stability (Kamperidou et al., 
2012). Therefore, wood treatment is important to modify the structure of wood. 
 
 
2.3.1 Thermal Treatment 
 
 
 
Thermal treatment is the treatments that can modify the structure 
of wood. It is widely used as a commercial technique in industry. This 
treatment can improve the stability of wood and able to increase the 
durability of wood against decay resistance (Hill, 2006). Thermal 
modification defines as the application that applied heating on wood 
which can improves the wood quality. It is a pyrolysis control of wood 
that is being heated at the temperature above 180
o
C. This treatment  been 
 
done in the absence of oxygen that inducing some chemical changes of 
cell  wall  components  in  the  wood  in  order  to  increase  its durability 
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(Homen and Jorissen, 2004). Low oxygen content can prevents the wood 
from burning at these high temperatures. 
This process was introduced by The Company Menz Holz in 
Germany (Homen and Jorissen, 2004; Hill, 2006). There  are five 
different thermal modification processes which are Thermowood (or 
Premiun wood) in Finland, Retification process and Le-Bois Perdure in 
France,  Plato  process  in  Netherlands,  and  Oil-heat  Treatment   (OHT 
process) in Germany. These processes depends on the temperature used 
which is between 160
o
C and 260
o
C but different in nature of the inert 
atmosphere and curing conditions used during treatment (Candelier et al., 
2013). 
Wood that is being treated in high temperature is usually less 
hygroscopic compared to the natural wood. Heating wood permanently 
changes several physical and chemicals properties of wood. It is caused 
by the thermal degrading hemicelluloses. Theoretically, the OH-group in 
hemicelluloses significantly affects the physical properties of wood. Heat 
treatment slows the absorption of water cause cell wall absorbs less water 
because of the decrease in the amount of the wood hydroxyl’s groups. As 
a consequence of the OH-groups, the swelling and shrinkage rate 
decreasing up to 50% and the moisture in wood is also low. Lower 
moisture content is important to increase wood properties especially its 
dimensional stability and durability (Kamperidou et al., 2012). 
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There are several variables that can be manipulate in heat 
treatment process which are time and temperature, treatment atmosphere, 
close versus open system, wood species, wet and dry system, sample 
dimension and use of catalyst (Hill, 2006). Normally, temperature and 
duration are always being used. However, it depends on type of process, 
wood species, sample size, moisture content, and resistance to decay 
attack and dimensional stability of final product (Kamdem et al., 2002). 
 
 
2.3.1.1 Oil Heat Treatment 
 
 
 
The oil heat treatment is one of the thermal modification that is 
being used in industries. The purpose of this oil hot treatment is to 
remove wax and resin to speed up the drying process. Besides that, it also 
increases the resistance of wood, changes the colour of wood, and 
increases the strength of wood. The oil heat treatment is being chosen to 
modify the structure of wood because it is an environmental friendly 
process (Razak et al., 2003). 
There are two types of oil heat treatment that are commonly used. 
First is the treatment that is being carried out at high temperature to 
modify the wood structure while the second type comes in the form of oil 
curing to modify the wood (Hill, 2006). In oil heat treatment, the heating 
medium that is being used is oil because it is non-chemical, easily 
available  and  has  high  boiling  point  which  is  up  to  320
o
C (Rafidah, 
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2007). Besides that, it could serves for both fast and equal transfer of heat 
to the wood and providing the same heat conditions all over the whole 
vessel separation of oxygen from wood (Saila and Pertti, 2001). 
The oil provides good heat transfer and separates the oxygen from 
the wood (Homan and Jorissen, 2004). Besides that, wood that absorbed 
oil can reduce the water absorption so that it can improve the strength of 
wood (Wang and Cooper, 2005). The types of oil that are always being 
used in this type of treatment are palm oil, coconut oil, diesel and others 
(Dubey et al., 2011). 
In heat treatment, the quality of the heat treated timber is affected 
from both time and temperature. According to Weiland and Guyomet 
(2003), heat treatment at high temperature (over 150°C) was an effective 
method that can improve biological durability of wood. Momhara et al. 
(2003) found that heat treatments at more than 135
o
C improved the 
durability of wood against brown-rot fungus. For the durations of 
treatment, it depends on the size of wood that being treated (Hill, 2006). 
If the temperatures are too high or the duration of treatment is too long, it 
has the probability to reduce the properties of wood. Hence, the 
optimization of the treatment parameters is necessary to produce the 
quality products (Dirol and Guyonnet, 1993). 
Momhara et al. (2003) reported that, wood which undergo heat 
treatment had changes its structure. Wood that being exposed to the high 
temperature loses its capacity to reabsorb water. Therefore, its    hardness 
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increases and the dimensional stability become more stable compared to 
the untreated wood. As we know, hemicelluloses and cellulose are the 
main nutrients for fungi. Due to the treatment process, the treated wood 
lack of water and nutrients that make the wood becomes more resistant to 
biological attacks. 
Heat treatment results in favourable changes in the physical 
properties of the wood. According to Tjeerdsma et al. 1998, a  reduction 
in water absorption reduces the overall swelling and shrinkage of wood, 
hence improving its dimensional stability. Momhara et al. (2003) 
reported that wood been treated at more than 135
o
C had enhance the 
wood’s durability against the brown-rot fungus, Fagus  palustris. The 
high temperature wood drying has the potential to improve fungal 
resistance when the process maintains timber at an adequate temperature 
for a sufficient amount of time. This is support with a research by Saila 
and Pertti (2001) that also reported that the properties of heat treated 
wood are depends on temperature and times where the temperature has 
greater effect on many properties than time. It can be said that the wood’s 
biological durability are better when being treated in the high 
temperature. 
Basically, the durability of treated wood will increase compared 
with the untreated wood. This is because of the hydrophobic character of 
wood has increased which limit the absorption of water into the wood 
and not suitable for the growth of fungi (Weiland and Guyonnet, 2003). 
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2.4 Physical Properties 
 
 
 
Physical properties of Acacia mangium are important properties that 
have to be known in order to produce a product which required good quality of 
wood. There are a great number of different wood properties which have some 
influence on processing of wood products. Since it is not possible to evaluate 
all these properties for all species concerned, it is necessary to first identify the 
most essential characteristic to determine the quality of the products are finally 
used (Laurila, 1995). Gary and Bahar (2006) suggested that it is essentially be 
able to measure wood physical properties reliably in industrial conditions in 
order to achieve the needed raw material uniformity. The physical properties 
of wood can affect the appearance of wood in terms of color, and defects cause 
by decay attack. Besides that, it also influences the dimensional stability of 
wood and resistance to biological attacks (Shmulsky and Jones, 2011). The 
physical properties that involve in this research are the moisture content and 
density of wood. 
 
 
2.4.1 Moisture Content 
 
 
 
Wood is known as hygroscopic which has the ability to absorb 
and release the water. Wood consists of two types of water which are 
free water and bound water. Free water is the liquid water found in the 
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lumen of wood while bound water is the moisture in cell wall (Rowell, 
2005). 
Free water is easy to be removed compared to the bound water. 
So, it will be removed first when the wood undergo the drying process. 
Bound water is held more tightly because of the surface adsorption 
within the wood structure (Shmulsky and Jones, 2011). 
The amount of water in wood is called as the moisture content. 
Moisture content (MC) is the total amount of free water and bound water 
in wood (Shmulsky and Jones, 2011). It is expressed in the percentage 
unit. The MC is varies depends on the tree species. The MC of wood is 
important to be known because it will determine the suitable drying 
process and the final products of wood. 
There are two sources of moisture in log structure which is 
original moisture from the tree that remains in the incompletely seasoned 
log and the other one is moisture that has entered dried wood from the 
environment. Moisture content in the living tree typically is greater than 
the fibre saturation point (30%). Normally for household environment, 
the wood is dried from 6 to 12 percent prior to milling to closely 
approximately the interior equilibrium moisture content (National 
Association of Home Builders, 2000). 
The moisture content of wood is the main factor for fungal 
growth (Rydell e. a.l, 2005). This also supported by Clausen (2002) that 
reported that moisture is the key for all the biological damage of    wood. 
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In order to growth, fungal need the free water on the wood surface  of 
cell lumina (Highley et al., 1992) 
The decay attack of wood depends on the moisture content in 
the cell wall of wood. The white rot fungi need least water to attack the 
wood compared to the brown and soft rot fungi that require high content 
of water in wood. But, they only can degrade the wood if the MC of 
wood is above the fibre saturation point. 
 
 
2.4.2 Density 
 
 
 
Density is the mass per unit volume at some specified condition 
that depends on two factors; the weight of the wood structure and 
moisture retained in the wood (Jerrold, 1994). Usually it is expressed in 
kilogram per cubic meter (kg/m
3
). Density is important to be known 
because it affecst the strength of wood. 
Wood density varies among difference tree species. Besides that, 
the density of wood is influence by several factors which are tree age, 
site conditions (soil, water, slope), and geographic location of the tree 
(Shmulsky and Jones, 2011). Basicaly, the density of wood also differ 
among its portions. The density is decreasing from the bottom to the top 
portion of wood (Shmulsky and Jones, 2011). 
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2.5 Wood Durability 
 
 
 
Natural durability is a factor that varies enormously in any species of 
tree either between trees or within the same trees (Bailleves  and Durand, 
2000). According to Acker et al. (2003) durability can be defined as the 
resistance of wood against the wood destroying agent. 
Kokutse (2005) reported that, it is difficult to state the durability of 
wood for a particular species because it also depends on several factors too 
which are genetic origin of the tree, climate, and the local environment.  Table 
2.3 showed the class of natural durability. 
 
Biological damage can occurs when a log, sawn product, or furniture is 
not stored, handled or design properly. There are many biological organisms 
that can attack the wood such as bacteria, fungi, insects, and pests. But, in this 
research, the durability of Acacia mangium only tested by using fungi 
(Pycnoporus sanguineus, Gloeophyllum trabeum, and Coriolus versicolors). 
Wood may rapidly decomposed when being exposed under the high 
moisture condition. It is due to the organic decay or natural weathering agents. 
Water is the main factor that causes the deterioration of wood. The wood can 
be protected by deterioration if the moisture content is maintained below its 
fiber saturation point (Hyvonen et al., 2005). 
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Table 2.3: Natural durability classes for temperate and tropical exposure and 
laboratory exposure 
 
 
 
Durability Class Service life under 
 
 
 
Perishable < 5 < 2
b 
> 30 
 
 
 
Moderately 
durable 
10 – 15 Not given 5 – 10 
 
 
Very durable 25 + 10 + < 1 
a 
16 weeks incubation at 22°C test fungi listed in Table 2.4 
b 
In some tropical countries the term perishable is not used and non-durable 
is used to describe this class; in this case moderately durable is used to 
describe 2-5 years service life. 
Source: (Findlay, 1985 ; Kokutse, 2005) 
Durable 15 – 25 5 – 10  1 – 5 
Non-durable 5 – 10 2 – 5b  10 – 30 
Temperate 
conditions 
(years) 
Tropical 
conditions 
(years) 
Laboratory 
conditions (% 
weight loss)
a
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Wood can be colonized by variety types of decay fungi such as brown 
rot fungi, white rot fungi and soft rot fungi. During decay attack, the major 
wood components are depolymerised to provide energy for fungal synthesis. 
The major requirements for fungal growth are free water on the surface of cell 
lumen, atmospheric oxygen that present in wood, suitable pH, suitable 
temperature and chemical growth factors like nitrogen compound (Boonstra et 
al., 2007). 
 
 
2.6 Wood Degradation 
 
 
 
Wood is biologically degraded because organism recognized the 
carbohydrate polymer which is hemicellulose in the cell wall. It has specific 
enzyme that is capable to hydrolyze the polymers into digestible units. 
Biodegradation of cell wall matrix and the high molecular weight cellulose are 
making the fiber cell weak. Thus, the strength of wood are decrease as the cell 
wall polymers and its matrix had been degraded through oxidation, hydrolysis, 
and hydration reactions (Rowell, 2005). 
Wood decomposed by variety types of biological agents such as fungi, 
bacteria, insects and others. Fungi had colonized the wood and degrade the 
cell wall component and form the brown rot fungi, soft rot fungi, and white rot 
fungi. 
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2.7 Wood Decay Fungi 
 
 
 
Decay fungi can be defined as the single-celled or multicellular 
filamentous organisms that attack the wood and use it as their food (Shmulsky 
and Jones, 2011). Wood acts as a shelter for the fungi. It is hard to detect the 
deterioration of wood at the early stage of fungal attack. Usually, the wood 
had loses it weight and strength after the fungal attack. 
Fungi can degrade the wood materials and according to Eriksson 
(1981), there are three groups of fungi that attack the wood which are mold, 
sapstain and decay. For mold and sapstain, it is not going to destroy the wood 
as they feed on the nutrients that contained on the wood’s surface, but for 
decay, it could destroy any wood structure. This can be seen in Table 2.5. The 
decay fungi feed the cellulose and lignin that contained in cell wall and 
breaking them into simple sugar for easy consumption (Anon, 2000). 
Decay fungi need several factors to help them in growth. The fungi 
need the oxygen and the food that obtain from the hemicelluloses, cellulose 
and lignin in cell wall. Besides that, right temperature and moisture are also 
important to growth the fungi. The range of temperature that needed by the 
fungi to growth is between 10 to 35
o
C but the optimum temperature is 24 to 
32
o
C and for the moisture, it must above the fiber saturation point which is 
about 30% (Shmulsky and Jones, 2011). 
  
 
 
 
Table 2.5: Examples of some commonly occurring brown rot and white rot decay fungi 
 
 
Fungus name Common synonyms Decay type 
 Brown rot White rot 
Antrodia serialis (Fr.:Fr.) Donk Coriolellus, Trametes √  
Antrodia sinuosa (Fr.:Fr.) P.Karsten Coriolellus, Poria √  
Antrodia vailantii (DC.:Fr.) Ryv Fibroporia, Poria √  
Antrodia xantha (Fr.:Fr.) Ryv Poria √  
Coniophora arda (Fr.:Fr.) P.Karsten Thelephora √  
Coniophora puteana (Schum.:Fr.) P.Karsten C.cerebella √  
Daedalea quercina (L.:Fr.) Pers Trametes √  
Donkioporia expansa (Desm.) et Pouzar Fomes, Phellinus megaloporus √  
Gleophyllum sepiarium (Wulfen:Fr.) P.Karsten Lenzites √  
Gleophyllum trabeum (Pers.Fr.) Murr Lenzites √  
Meruliporia incrassata (Berk. Et Curtis) Murr Merulius, Poria, Serpula √  
Oligoporus placena (Fr.) Gilbertson et Ryv Poria, Poria monticola, Postia √  
Paxillus panuoides (Fr.:Fr.) Fr Tapinella panuoides (Fr.:Fr.) Gilbertson √  
Serpula lacrymans (Wulfen:Fr.)Schroeter Merulius, Poria, Serpula √  
Tyromyces palustris (Burk. Et Curtis) Murr Polyporus √  
Bjerkandera adusta (Willd.:Fr) P.Karsten Polyporus  √ 
Phlebiopsis gigantea (Fr.:Fr.) Julich Phanerochaete, Peniophora, Phlebia  √ 
Pleurotus ostreatus (Jacq.:Fr.) Kummer   √ 
Pycnoporus sanguineus (L.:Fr.) Murr Polyporus, Polystictus  √ 
Schizophyllum commune (Fr.:Fr.)   √ 
Stereum hirsutum (Willd.:Fr.) Pers   √ 
Trametes versicolor (L.:Fr.) Pilat Coriolus, Polyporus, Polystictus  √ 
Source: Eaton and Hill (1993)    
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However, the decay attack can be controlled by treating the wood with 
the suitable treatment. As for the heat treatment process, the structure of wood is 
modifying so that it can reduce the fungus attack. When the wood is being 
treated, the hemicelluloses started to degrade and the degradation of this 
component is increasing with the temperature (Bourgois et al., 1989) and time of 
heating exposure (Callum, 2006). 
 
 
2.7.1 Mechanism of Decay Fungal Attack 
 
 
 
The fungal attack started by the fungal spores that was spread 
by the wind, insects or animals. The spores then germinate on the 
moist, susceptible wood and making the segments called hyphae to 
spread throughout the wood. The hyphae move from cell to another 
cell through pit or the holes that created in the cell wall. These hyphae 
also secrete enzymes that attack the wood cells and cause the 
deterioration of wood (Rowell, 2005). A group of hyphae obtained and 
growth together and it is now called as the mycelium. The mycelium 
then grows within the wood cell to degrade the cell wall. The new 
fruiting body may form in the wood after the serious decay. Once the 
fungal attack continues, the wood started to loss it weight and strength. 
This condition will affects the properties of wood either on its 
appearance, physical or mechanical properties (Shmulsky and Jones, 
2011). 
 
 
 
31 
  
 
 
2.7.2 Brown-Rot Fungi 
 
 
 
Brown-rot fungi belong to the Basidiomycta phylum. It 
decomposes the carbohydrates which are hemicelluloses and cellulose that 
were obtained in the wood (Shmulsky and Jones, 2011). The brown-rot 
fungi leave the lignin in the wood that make the wood become brown in 
color. Normally, the brown-rot fungi colonized in softwoods but they also 
can be found in the hardwoods too (Shmulsky and Jones, 2011). 
The strength of wood that is being attacked by brown-rot fungi 
decreases quickly because of the attacks on the cellulose. The wood 
becomes very dark in colour when the extreme decay is obtained. Then, 
the cross-grain started to crack cause the wood to shrinks, collapse and 
finally crumbles. Brown-rot fungi lower the molecular weight system to 
depolymerize cellulose within the cell wall and then use the 
endocellulases to decompose the wood (Rowell, 2005). Table 2.6 shows 
the previous research that used brown-rot fungi in order to test the wood 
resistance. 
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2.7.3 White-Rot Fungi 
 
 
 
White-rot fungi are mainly occurring on hardwoods compared 
to softwoods. It decomposes all the structural components of wood 
which are hemicelluloses, cellulose and lignin. As the fungi decompose 
the lignin in wood cell, the wood been bleached. It means that the color 
of wood becomes white in colour with black zone lines (Rowell, 2005). 
The wood does not crack across the grain until the wood is 
severely degraded. The outward dimensions of wood are remains same 
as before but the inner of the wood feels spongy (Rowell, 2005). 
White-rot fungi have a complete cellulose complex and have the ability 
to degrade the lignin (Shmulsky and Jones, 2011). This fungus can 
decrease the strength of wood gradually as the decay attack except   the 
wood toughness. 
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